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Consistent evidence exist on the harmful health effects of industrial trans fatty acids (TFA). In order to
have accurate data on TFA intake and implement adequate measures to reduce their intake, each country
should have updated estimates of TFA content in the diet. The objective of the present study was to
provide data on the TFA content in food commercialized in the Portuguese market. The results on the TFA
content of 268 samples acquired between October and December 2013 are reported. Samples were
categorized as margarines and shortenings (n ¼ 16), spreadable chocolate fats (n ¼ 6), fried potatoes and
chips (n ¼ 25), industrial bakery (n ¼ 4), breakfast cereals (n ¼ 3), pastry products (n ¼ 120), seasonings
(n ¼ 5), instant soups (n ¼ 5), instant desserts (n ¼ 6), chocolate snacks (n ¼ 4), microwave popcorn
(n ¼ 4), cookies, biscuits and wafers (n ¼ 53), and fast-food (n ¼ 13), with butter (n ¼ 4) included for
comparison purposes. TFA were quantiﬁed by gas chromatography. Total TFA content in the fat ranged
from 0.06% to 30.2% (average 1.9%), with the highest average values in the “biscuits, wafers and cookies”
group (3.4% TFA), followed by the pastry group (2.0%). Fifty samples (19%) had TFA superior to 2% in the
fat. These ﬁndings highlight there is still much need for improvement in terms of the TFA content in
Portuguese foods, particularly in traditional pastry.
© 2016 World Health Organization. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).1. Introduction
There is consistent evidence of industrial trans fatty acids (TFA)
adverse health effects, particularly on blood lipoprotein proﬁles,
coronary heart disease, cancer and diabetes, while no reports are
available on any beneﬁcial health impact (Mensink & Katan, 1990;
Ascherio, 2006; Booker & Mann, 2008; Mozaffarian et al. 2009;
Teegala, Willett, & Mozaffarian, 2009; Uauy et al., 2009; Brouwer,
Wanders, & Katan, 2010; Bendsen, Christensen, Bartels, & Astrup,
2011). TFA elimination policies have shown huge potential to
contribute to a reduction in mortality from NCDs and to reduce
socioeconomic inequalities from CHD (Allen et al., 2015). Further-
more the potential for saving lives as a result of such policy has
been highlighted elsewhere (Restrepo & Rieger, 2016).
Different approaches have been implemented to reduce TFA
amounts in processed foods. Limitations on the content of indus-
trialized TFA were implemented in some countries, as in Denmarked by Elsevier Ltd. This is an opensince 2003 followed by Austria, Switzerland, Iceland, Norway,
Hungary, Sweden (yet to be implemented) andmore recently Latvia
and Georgia, while others imposed mandatory labeling (USA,
Brazil, etc.), or included recommendations for voluntary reduction
by the industry, accompanied by nutritional recommendations and
awareness programs on the adverse effects of TFA (Uauy et al.,
2009; Downs, Thow, & Leeder, 2013). The WHO regional Ofﬁce
for Europe has recently produced a report highlighting the beneﬁts
and the importance of a trans-fat ban in Europe followed by a
statement submitted by a group of civil society organizations and
food industry operators supporting the idea of establishing a legal
limit equivalent to a ban (WHO, 2015). Furthermore several
member states of the EU have also written to the European Com-
mission requesting it to explore a possible regulatory framework
for the reduction of trans-fat.
Several surveys have been implemented in different countries,
aiming to clarify the amounts of TFA ingested by different pop-
ulations worldwide. The ﬁrst and wider survey was the TRANSFAIR
study, which took place between 1980 and 1996, and involved 14
European countries, Portugal included. This study estimated daily
ingestions ranging from 1.2 g in Greece and Italy to 6.7 g in Iceland,access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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genders (Hulshof et al., 1999). A decade later, and based on two
surveys dated from 2005 to 2009, Stender, Dyerberg, Bysted, Leth,
and Astrup (2006, 2012) concluded that a general reduction was
observed, but the consumption of TFA was still potentially high in
some populations.
Regulation (EU) Nº, 1169/2011 of the European Parliament on the
provision of food information to consumers determined that, by 13
December 2014, data on the presence of trans fats in the overall diet
of the EU population should be known, in order to implement
adequate measures for its reduction. Simultaneously, the European
Food and Nutrition Action Plan 2015-2020, focuses on a reduction
of diet related noncommunicable diseases, and includes a priority
intervention on the elimination of trans fat, which should be
limited to <1% of the daily energy intake, including those of natural
origin (WHO, 2003; WHO, 2011). The recent Vienna declaration on
Nutrition and NCDs, in the context of Health 2020 strengths the
general commitment of all members to take decisive actions
regarding healthier food, including a reduction of products with
high TFA amounts, and implementation of common approaches to
promote product reformulation (WHO, 2013).
In Portugal, only recommendations for voluntary reduction have
been applied. However, while the TRANSFAIR study positioned
Portugal within the countries with the lowest TFA contents in the
nineties, the 2005 survey implemented by Stender et al. (2006)
presented a worse panorama, with up to 43% of TFA in the fat of
selected foods. Indeed, national data on table margarines (n ¼ 40)
sold in Portugal back in 1991 (Oliveira & Ferreira, 1993) showed a
high prevalence of TFA in margarines (0.45%e14.2% in the fat). The
twomainmargarines and shortenings industries in Portugal signed
a commitment to reduce TFA in their products back in 1995 (FIPA,
2005) but, despite the visible reduction in 2002 (range 0.2e8.9%),
particularly from the signatory industries, 80% of the samples were
still prepared with hydrogenated or partially hydrogenated fats
(Torres, Casal, & Oliveira, 2002). Latter, a survey of cookies and
biscuits sold in Portugal (n ¼ 100) was taken in 2006 (Casal et al.,
2008), with a TFA range in the fat from 0.2 to 41.1% (average of
2.8%). Selected samples (n ¼ 12) were reanalyzed in 2012 (Santos,
Cruz, & Casal, 2015) with a clear reduction of TFA content, from
an average of 5.35%e0.87%, but the general range was still high
(0.11%e27.4%). No updated data on other food categories was found.
Based on the reduced and generally outdated information of TFA
in Portuguese foods, and being this information mandatory for an
accurate estimation of population exposure, the aim of this study
was to determine the TFA content in Portuguese foods.
2. Materials and methods
2.1. Sample collection
In the absence of a representative national nutrition survey,
with ingestion patterns and relative contributions to fat con-
sumption, a preliminary desk review was performed on literature
data, aiming to identify the food categories with potentially higher
amounts of TFA from industrial origin in other countries (Hulshof
et al., 1999; Chiara, Sichieri, & Carvalho, 2003; Craig-Schmidt,
2006; Stender et al., 2006; Baylin, Siles, Donovan-Palmer, Fernan-
dez, & Campos, 2007; Ledoux, Juaneda, & Sebedio, 2007; Griguol,
Leon-Camacho, & Vicario, 2007; Wagner, Plasser, Proell, & Kanzler,
2008; Richter, Shawish, Scheeder, & Colombani, 2009; Fritsche,
Petersen, & Jahreis, 2010; Remig et al., 2010; Cakmak, Guler, Yigit,
Caglav, & Aktumsek, 2011; Hissanaga, Proença, & Block, 2012; Roe
et al., 2013; Saunders et al., 2008). The following food categories
were selected: bakery/breakfast cereals, biscuits/wafers/cookies,
bouillon cubes, butter, chocolate snacks, chocolate spreads, fastfood, instant desserts, instant soups, margarines/shortenings, pas-
try, popcorn, and potato chips/French fries. Butter was included
only for comparison purposes, as it contains natural TFA.
Based on the aforementioned categories, a total of 268 samples
were selectively purchased between October and December 2013. A
worst case approach was implemented for each category, selecting
samples whose labels indicated the presence of “partially hydro-
genated fat” (PH) or “hydrogenated fat” (H) in the ingredients list,
samples with insufﬁcient or inexistent label information, and,
when unavailable, samples with recognized market shares. Other
fat sources found in the ingredients list comprised: vegetable fat
(V), vegetable oils (O), mixtures of vegetable oils and fats (O/V),
margarine (M), and butter (B). Most products were acquired in six
main supermarkets chains in Portugal, being therefore represen-
tative of the nation acquisition pattern, and included samples
produced in the European Union (EU) and non-EU samples. Due to
the recognized importance of local traditional pastry, samples sold
by small and privately owned shops were also included, from
diverse geographical areas in Portugal.
2.2. Sample preparation
Each sample was carefully weight for dose or unit mass esti-
mation. After being reduced to a homogeneous mass in a food
processor, a representative sample portion was refrigerated (4 C)
and analyzed within two or three days. Most samples were
analyzed as acquired, except for microwave popcorn and frozen
puff sheets that were previously prepared according to manufac-
turer instructions.
2.3. Lipid extraction
Fat was extracted with a ternary mixture of cyclohexane, 2-
propanol and aqueous NaCl solution (0.9%, w/v), enabling a fast
and clean separation of the lipid phase (Smedes, 1999; Cruz et al.,
2013; Santos et al., 2015). In brief, 500 mg of homogenized sam-
ple were extracted with 1.6 mL of 2-propanol and 2 mL of cyclo-
hexane (analytical grade from Carl Roth GmBH, Germany) after
addition of an internal standard for total fat estimation (glyceryl
triundecanoate, SigmaeAldrich, Spain). After vortex mixing and
overnight maceration at 4 C, aqueous NaCl was added (1%; 2.8mL),
thoroughly mixed and centrifuged at 5000 rpm for 5 min, and the
upper phase was transferred to derivatization vials. After repeating
extraction with further 2 mL of cyclohexane, the combined super-
natants were evaporated under a stream of nitrogen at 60 C.
2.4. Fatty acids analysis
Extracted lipids and internal standard were converted into their
methyl esters (FAME) by cold alkaline derivatisation, following ISO
12966-2 (2011), using 2 M KOH in methanol. After a brief centri-
fugation (3000 rpm, 5 min) the supernatants were transferred to
injection vials for the gas chromatograph auto-sampler.
The fatty acid composition was determined by gas chromatog-
raphy on a Chrompack (CP 9001), equipped with a FAME CP-Select
CB column (50 m  0.25 mm x 0.2 mm; JW), with helium as carrier
gas at 17 Psi, and a temperature gradient from 140 C to 200 C, in a
total of 40 min. Injection port was at 250 C, with a 1:100 split ratio,
and the detector was at 270 C. The fatty acids were identiﬁed by
comparisonwith commercial standards form Supelco (Sigma, USA),
and fromMatreya (USA). A total of 52 fatty acids, with 8e24 carbon
atoms, were quantiﬁed, including 11 trans isomers from C16:1
(n¼ 1), C18:1 (n¼ 4), C18:2 (n¼ 3), and 18:3 (n¼ 3). Following the
recommendations of ISO 15304:2002, and for the purpose of this
study (total TFA content estimation), total TFA in the fat is reported
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esters, expressed as a mass fraction of all fatty acid methyl esters.
The chromatographic conditions were adjusted to meet ISO
15304:2002 requirements for trans fatty acids separation.
Isothermal elution as frequently described proved unsuccessful,
while adequate separation was accomplished under the described
temperature gradient. A chromatogram from a high TFA sample
(8.4%) is presented in Fig. 1A.
Most reports on fatty acids contents use a relative percentage
basis, extrapolated to food amounts from the total lipids content,
quantiﬁed separately by gravimetry. Besides spending a huge
amount of organic solvents and time, the extracted fat cannot be
reused for accurate fatty acid quantiﬁcation due to potential
oxidation. Also, this “total fat” includes non-fatty acid components,
which might take to overestimation of fatty acids on a 100 g of food
basis. To overcome these issues, while enabling a faster and greener
quantiﬁcation, we have used cold organic extraction in the pres-
ence of a triglyceride as internal standard (gliceryl triundecanoate).
Fat estimation achieved by this methodology was only used for
fatty acid conversion into a food basis, and not as a true “total” fat.
Therefore, while our total fat is certainly underestimated due to the
sole inclusion of fatty acids glycerides, the estimation of the TFA in
the food is more accurate. This methodology was previously vali-
dated by our team (Santos et al., 2015). A quantiﬁcation limit of
0.01% in the fat was achieved under the present conditions.
Due to incomplete separation between individual trans fatty
acid isomers in samples with high amounts of TFA (Fig. 1A),
particularly within the trans octadecenoic cluster (C18:1), selected
samples were further fractionated by solid phase (SPE) extraction,
using Ag-SCX columns (Discovery Supelco, USA). Following
manufacturer instructions, the SPE columns were pre-conditioned
with acetone (4 mL) and equilibrated with hexane (4 mL). A FAME
sample solution in hexane containing the equivalent to about 1 mg
of FAMEs, with IS, was loaded into the column. Fraction 1,Fig. 1. Chromatogram of a high TFA sample (A), with the detcontaining the saturated (including the internal standard) and all
trans monoenes, was eluted with 6 mL hexane:acetone (96:4),
while 4 mL hexane:acetone (90:10) were used to elute the cis-
monoenes, transetrans dienes and cis/trans conjugated fatty acids.
Both fractions were evaporated under a stream of nitrogen, dis-
solved in hexane and re-chromatographed for validation of the cis/
trans isomers identiﬁcation and quantiﬁcation. The trans-mono-
enes were quantiﬁed on the basis of the co-eluted internal stan-
dard, without signiﬁcant differences from the values achieved
without previous SPE separation, validating the efﬁciency of our
chromatographic separation. A detail on the separation achieved
for this fraction, plus the saturated ones, can be observed in Fig. 1B.
2.5. Statistical analysis
Dependent variables were studied using a KruskaleWallis test,
when normal distribution of the residuals was not conﬁrmed by
ShapiroeWilk's test, followed by ManneWhitney's test if signiﬁ-
cant statistical differences were found. If normal distribution of the
residuals was conﬁrmed by ShapiroeWilk's test, dependent vari-
ables were studied using Student's t test for independent samples.
Statistical analyses were performed at a 5% signiﬁcance level, using
SPSS Software version 21.0 (IBM Corporation, New York, USA).
3. Results and discussion
3.1. Global TFA content
Trans fatty acids were detected in all samples, with total TFA in
the fat ranging from 0.06% to 30.2%, and a global average of 1.87%
(Table 1). From the 268 samples analyzed, and excluding butter, 50
samples (18%) had a TFA content superior to 2% in the fat, including
six samples with more than 20% of TFA. The TFA content of the
assembled food categories is detailed in Table 1, with the foodail of the trans-monoene fraction isolated by Ag-SPE (B).
Table 1
- Trans fatty acids content (mean and range) of selected processed food products sold in the Portuguese market.
Food group n Total TFA
g/100g fat
>2%
n
Trans-C18:1 Trans-C18:2 Trans-C18:3 Total TFA
g/100g food
g/100g fat
Chocolate spreads 6 0.45 (0.14e0.86) 0 0.09 (nd - 0.13) 0.17 (nd - 0.57) 0.12 (nd - 0.32) 0.18 (0.07e0.32)
Instant soups 5 0.51 (0.34e0.77) 0 0.15 (0.09e0.29) 0.28 (0.25e0.32) 0.02 (nd - 0.04) 0.07 (0.02e0.18)
Potato chips and French friesa 25 0.62 (0.17e1.26) 0 0.14 (0.02e0.89) 0.37 (0.06e0.72) 0.05 (nd - 0.18) 0.18 (0.05e0.38)
Bakery and Breakfast cereals 7 0.71 (0.40e1.02) 0 0.26 (nd - 0.82) 0.25 (0.03e0.48) 0.09 (0.01e0.37) 0.03 (0.01e0.07)
Chocolate Snacks 4 0.83 (0.26e2.00) 0 0.60 (nd - 2.00) 0.18 (nd - 0.47) 0.01 (nd - 0.02) 0.32 (0.07e0.75)
Margarines and shortenings 16 0.83 (0.26e2.16) 1 0.35 (nd - 1.66) 0.34 (0.01e0.89) 0.09 (0.02e0.22) 0.56 (0.16e1.57)
Popcorn 4 0.87 (0.50e1.54) 0 0.40 (0.10e1.27) 0.41 (0.24e0.62) 0.03 (0.02e0.03) 0.11 (0.08e0.13)
Instant dessertsb 6 0.95 (0.06e3.05) 1 0.95 (0.06e3.05) nd nd 0.19 (0.01e0.78)
Boillon cubes 5 1.10 (0.60e2.79) 1 0.59 (0.16e2.11) 0.39 (0.25e0.53) 0.08 (0.02e0.23) 0.28 (0.12e0.85)
Fast Foodc 13 1.15 (0.38e3.07) 3 0.61 (0.05e2.10) 0.29 (0.11e0.50) 0.12 (0.05e0.25) 0.15 (0.06e0.40)
Pastryd 120 1.96 (0.07e8.47) 35 1.47 (0.01e7.94) 0.36 (nd - 0.69) 0.06 (nd - 0.26) 0.49 (0.01e2.51)
Biscuits, wafers and cookies 53 3.42 (0.21e30.2) 9 2.89 (0.01e28.65) 0.42 (nd - 1.73) 0.06 (nd - 0.38) 0.72 (0.02e6.02)
(Butter) 4 2.92 (2.07e3.58) (4) 1.95 (1.16e2.53) 0.58 (0.51e0.65) 0.17 (0.16e0.17) 1.46 (1.14e2.00)
Total 268 1.87 (0.06e30.2) 50e 1.38 (nd - 28.6) 0.35 (nd - 1.73) 0.06 (nd - 0.38) 0.47 (0.01e6.02)
TFA: trans fatty acid; nd: not detected.
a Pre-packed potato chips and French fries (all frozen and pre-fried).
b Chocolate mousse and “chantilly.
c Nuggets, pizza, hamburgers and menus with French fries.
d Croissants, donuts, wafﬂes, chocolate ﬁlled sweet-bread, chocolate cakes, cupcakes, Portuguese traditional pastry and frozen puff sheets.
e Without butter.
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fat, ranging from 0.45% in chocolate spreads, to 3.42% in the bis-
cuits, wafers and cookies group.
Total TFA content was inferior to 2% in all samples of the choc-
olate spreads group (n ¼ 6), instant soups (n ¼ 5), potato chips
(n ¼ 18), French fries (n ¼ 7), bakery (n ¼ 4), breakfast cereals
(n ¼ 3), chocolate snacks (n ¼ 4), and microwave popcorn (n ¼ 4).
The butter group, only analyzed for comparison purposes, had
an average of 2.9%, within common values for this product (Kuhnt,
Baehr, Rohrer, & Jahreis, 2011). The fast-food group (n ¼ 13) had
some samples slightly surpassing 2% of TFA in the fat (n ¼ 3).
However, it was associated with the presence of high amounts of
cheese andmeat (cheeseburgers), therefore alsowith TFA of natural
ruminant origin. All the French Fries samples accompanying the
fast food menus had less than 0.7% of total TFA in the fat.
A particular attention was given to the margarines and short-
enings group (n ¼ 16; average 0.83%), as these are used as in-
gredients and therefore amongst the main sources of TFA in
processed foods. One sample slightly surpassed the 2% reference
value (2.2%), while all the others were below. Within this group, 9
samples (56%) indicated the use of hydrogenated or partially hy-
drogenated fats, with a TFA average of 1.23%, with reduced statis-
tical difference from the remaining margarine samples (0.59%;
p ¼ 0.083). Also within this groups, table margarines available to
the consumers at supermarket chains (n¼ 9), as well as fats sold for
semi-industrial use (n ¼ 7) were included, but no statistical dif-
ferences (p > 0.05) were observed between both groups
(p ¼ 0.299), with total TFA averages of 0.79% and 0.88%, respec-
tively. However, when samples were grouped by origin, the Por-
tuguese ones had apparently lower TFA average content (0.61%)
than those made in the European Union (EU) (1.20%), but the high
variability in the EU group (0.26e2.16%) decreased the potential
statistical signiﬁcance (p ¼ 0.119). Following a reduction in the
Portuguese margarines TFA content already visible in 2002, with an
average of 2.5% (range 0.2e8.9%) (Torres et al., 2002), the TFA
average in the present survey was reduced to 0.8% (range
0.2e2.16%), despite the declared use of hydrogenated fats in 40% of
the samples. It might be the result of using a smaller proportion of
hydrogenated fats in the blends or a more careful hydrogenation
process, both contributing to a reduction in the TFA of the ﬁnal
product (Menaa, Menaa, Treton, & Menaa, 2013).Table 1 also details the type of TFA isomers quantiﬁed. As ex-
pected, trans-C18:1 fatty acids were more prevalent, except in the
samples with lower total TFA contents, as chocolate spreads, potato
chips, and instant soups, where linoleic TFA isomers, despite
reduced, became more prevalent. Still, the trans-linoleic amounts
were low, with an average of 0.35% in the fat (from <0.01 to 1.73).
These values are in agreement with other authors who also detailed
the isomers fractions, as Ansorena, Echarte, Olle, and Astiasaran
(2013), Richter et al. (2009), or Alonso, Fraga, and Juarez (2000).
Trans-linolenic fatty acids were always present in reduced amounts
in our samples, with an average of 0.06% (<0.38% in the fat), also as
stated by the previous authors.
Finally, when the TFA are expressed per 100 g of food, an average
of 0.47 gwas calculated, ranging from 0.01 g to 6.0 g/100 g (Table 1).
The highest average amounts are found in the biscuits and cookies
group, followed by pastry and margarines. These amounts cannot
be directly associated with the recommended serving, as it varies
greatly between food classes.
Globally, the worst Portuguese panorama, both as total TFA in
the fat and per 100 g of food, was found on the “biscuits, wafers and
cookies” (n ¼ 53) and pastry (n ¼ 120) groups, with some samples
presenting particularly high amounts of TFA. The “biscuits, wafers
and cookies” group had an average of 3.42% TFA in the fat, with
values ranging from 0.21% to 30.2%, while the pastry group
(n¼ 120) had an average of 1.96% TFA in the fat, ranging from 0.07%
to 8.5%. It is interesting to highlight that the TFA amounts found in
the pastry fat were signiﬁcantly higher than those quantiﬁed in the
margarines and shortenings analyzed (p ¼ 0.018). It clearly dem-
onstrates that the fat sources used for pastry production are from
other sources than those available to consumers, probably acquired
directly by sales representatives from foreign companies.
Still within the pastry group, the samples were further divided
in two groups, puff and non-puff (Table 2), based on the knowledge
that different margarines and shortening are sold for each purpose.
The non-puff pastry included simple croissants, donuts, wafﬂes,
chocolate cakes, cupcakes and chocolate ﬁlled sweet breads
(n ¼ 30), while the puff pastry (n ¼ 90) included french-type
croissants, palmiers, several local puff specialties and frozen pas-
try puff-sheets. Identical mean values and ranges were found for
the two groups, highlighting that the fats used are similar regarding
their partially hydrogenated fats content, and that the major source
Table 2
- Trans fatty acids content (mean and range), fat type and origin of pastry and cookies groups.
Group Type Total TFA Fat type Origin
n g/100 g fat g/100 g food V O/V O H PH M B U PT EU
Pastry Non-puff 30 1.91 (0.07e8.07) 0.44 (0.01e2.51) 14 3 2 12 3 0 3 6 16 14
Puff 91 1.94 (0.28e8.47) 0.51 (0.05e2.29) 8 2 2 4 6 1 0 69 82 9
Cookies Plain 11 0.51 (0.21e0.89) 0.08 (0.02e0.14)A 6 3 0 1 0 2 1 7 4 0
Covered/ﬁlled 23 5.46 (0.22e30.1) 0.99 (0.06e6.02)B 11 1 1 17 0 1 0 8 9 6
Wafer 13 3.02 (0.24e22.9) 0.82 (0.06e5.25)AB 7 0 3 8 0 0 3 2 10 1
Puff 6 1.79 (0.32e7.84) 0.66 (0.10e3.01)B 1 3 1 3 2 0 0 4 2 0
TFA: trans fatty acids; V: vegetable fat; O/V: oil and vegetable fats; O: vegetable oil; H: hydrogenated fat; PH: partially hydrogenated fat; M:margarine; B: butter; U: unknown;
PT: Portugal; EU: European Union. For the cookies group, different letters in the same column indicate signiﬁcant statistical differences in the ManneWhitney test (p < 0.05).
N. Costa et al. / Food Control 64 (2016) 128e134132of variability is probably the fat producer itself. However, when
industrial pastry (n ¼ 38) is compared with the local pastries
(n ¼ 82), statistically higher TFA (p ¼ 0.017) were present in the
local pastry group, with an average of 2.27% against 1.30% in the
industrial ones. While conﬁrming that the fat sources are different,
it stresses the effective commitment of the food industries to
reduce TFA on their products, a problem probably not even recog-
nized by local producers. It also highlights for the “labelling” effect,
as all the industrial samples were packaged and labeled at least for
the ingredients, as mandatory, while local pastry was sold
unpackaged.
The cookies group was also studied in detail (Table 2). Samples
were grouped into 4 major types: simple/plain (n ¼ 11), covered/
ﬁlled (n ¼ 23), wafers (n ¼ 13) and puff based (n ¼ 6). Signiﬁcantly
smaller TFA amounts were found in simple cookies (Marie-type)
mainly composed of oils and vegetable fats mixtures (O/V). None
mentioned the use of hydrogenated or partially hydrogenated fats.
The highest average amounts of TFAwere found in the cookies with
cream (covered/ﬁlled), with an average of 5.5% of TFA in the fat. It
indicates that the TFA are present mostly in the fats used for the
ﬁlling creams, requiring an elevated proportion of solid fats, inev-
itably richer in saturated fat and/or TFA, technologically similar
(Griguol et al., 2007; Stender et al., 2006). When these samples are
compared on a mass basis, per 100 g (Table 2), signiﬁcantly lower
TFA amounts are present in the plain cookies (0.08 g/100 g), while
all the other groups had more than 0.5 g/100 g on average. How-
ever, this data in the biscuits/wafers and cookies group is biased by
a small group of non-EU samples (n¼ 6), ﬁve covered/ﬁlled and one
wafer, all with more than 15% of TFA in the fat. These were all
samples from Brazil and all contained this information in the
nutritional label, as mandatory in that country since 2006 (ANVISA,
2003, section 1), with a clear indication of the TFA per dose. If these
six samples are taken aside, themean amounts are reduced to 1.0 g/
100 g with amaximum of 9.1% in the fat, similar to the one achieved
in the pastry group, and reducing the number of samples with
amounts superior to 2% in the fat to only three. These results are
consistent with a previous survey took in 2012 for Portuguese
cookies, were the only samples with high amounts of TFA were
from this origin (Santos et al., 2015), a situation that has not
improved.3.2. TFA content according to the type of fat labelled
As stated in the sampling section, this survey focused mainly on
samples indicating the presence of hydrogenated or partially hy-
drogenated fat in the ingredients list. However, it also included
several unlabeled samples (38%), particularly from pastry and fast
food. One could expect that the more common source of TFA should
be partially hydrogenated fats, where hydrogenation is taken only
to a certain point, preserving unsaturation and granting more
adequate technological properties, while producing TFA.Excluding unlabeled samples, “hydrogenated fat” was more
commonly mentioned (37%; n ¼ 62) in the present survey, being
the only fat source in 22 samples, including one instant soup, one
popcorn sample, instant desserts (chocolate mousse and chantilly),
industrial pastry and cookies. Partially hydrogenated fat was
declared in fewer samples, representing 9.6% of the labels (n ¼ 16),
alone (breakfast cereals, bread, industrial pastry and chocolate
snacks) or inmixtures with hydrogenated fat, vegetable fat and oils,
etc. Vegetable fat was more frequent (67%), usually in combination
with vegetable oils, hydrogenated fats or partially hydrogenated
fats.
Generally, fat spreads, potato chips, soups, sauces and popcorn
presented low amounts of TFA, being in accordance to the type of
fat detailed in their label, mainly vegetable fats. In the category of
bakery and breakfast cereals, three samples were labeled for
partially hydrogenated fat but had low contents of TFA in the fat
and therefore negligible per dose. Similarly, the chocolate snacks
and desserts group had two samples which indicated partially
hydrogenated fat but their amount of TFA in the fat was only of
0.5%. In the biscuits, wafers and cookies group (Table 2), 17 out of 23
samples of the covered/ﬁlled group and 8 out of 13 wafer samples
were prepared with hydrogenated fat. The reference to partially
hydrogenated fat was present in only two puff-cookies, both from
Portugal, with 0.3% and 7.8% TFA in the fat. Globally, it appears that
there is probably some misperception between hydrogenated,
partially hydrogenated, and vegetable fats among food manufac-
turers and/or label translators.
Despite being unable to discuss the fat type used in unlabeled
samples, based on the TFA contents achieved in the pastry group,
partially hydrogenated fats are certainly present in high amounts.
Information of the trans fat health effects and contents in food
should be disseminated so that producers and consumers can act in
a conscious way (Hissanaga et al., 2012). According to Remig et al.
(2010) consumer education is very important, thus educational
programs should be developed to improve the ability of consumers
to identify the presence of hydrogenated fat in the ingredients list.
Hydrogenated fats are cheaper than their technological counter-
parts and therefore potentially more presented in lower-cost food
or brands. Despite not being exclusive, it highlights for the potential
increased risk of low-income consumers.3.3. Portugal TFA content in food in comparison with other
countries
In comparison with international data, total TFA concentrations
in this survey are in line with the ones found in many European
countries where a self-regulatory approach is in place. Potato chips,
French fries, popcorns, bakery, breakfast cereals, instant soups, and
sauces, contained less than 2% TFA in the fat. In the European survey
undertaken by Stender et al. (2006), where 542 samples foods from
26 countries were analysed, Portugal had up to 14% of TFA in
N. Costa et al. / Food Control 64 (2016) 128e134 133popcorn and 4% in nuggets and French fries, representing a clear
improvement. All popcorn samples analyzed in the present study
speciﬁed the fat source, with three using solely native palm fat and
one with fully hydrogenated palm kernel fat, corroborated by the
low TFA quantiﬁed. However, a special concern still necessary in the
pastry and cookies groups, where some samples with high TFA
content are still found (up to 30.2% in the fat) side by side with
others where a clear effort has been implemented by the industry.
Several reports from different countries showed similar situa-
tions, with some products containing total amount of TFA higher
than 2% of fat. Richter et al. (2009), by analyzing different types of
food products from the Swiss market, found great variations of TFA
content (0.0e29.3% in a rapeseed fat). In that survey, the highest
mean values were also observed in ﬁne bakery products and snacks,
cakes and biscuits, with means around 6% and 4%, respectively. In
Germany, two recent studies also revealed high amounts of TFA in
bakery products and confectioneries, with up to 27% in bakery
products in the ﬁrst (Fritsche et al., 2010), and up to 40% of TFA in the
second (Kuhnt et al., 2011). These authors also concluded that
unpackaged bakery products had higher amounts of TFA compared
to packaged ones, as observed in the present study. Similar results
were foundoutside Europe, namely formargarines and table spreads
in New Zealand, with up to 14.5% TFA (Saunders et al., 2008) or in
Turkey,whereTFAcontent in cakes ranged from0.0% to5.1% in the fat
(Cakmak et al., 2011). However, several improvements have already
been recognized in some countries, as for the generally low TFA in
Spanish industrial pastry, as published by Ansorena et al. (2013).
4. Conclusions
Based on the 268 samples analyzed, one can infer that TFA are
still present in Portuguese food products. Two categories of foods
are of major concern: pastry and cookies. Pastry products, partic-
ularly non-industrial unpackaged ones, have an elevated preva-
lence of samples with TFA superior to 2%, while the cookies group
presented the higher TFA amounts. Regarding the fat-type used,
hydrogenated fat was more prevalent than partially-hydrogenated
fat but it might be a misinterpretation of the raw materials
speciﬁcations.
The elevated prevalence of TFA in the pastry group, a highly
available low-price food product in Portugal, with elevated con-
sumption, requires measures to substitute the fats used, as already
been achieved in most industrial pastry.
Additionally, there is also an evident need to help consumers
interpreting the new food labels implemented by the EU Regulation
(EU) Nº, 1169/2011, particularly regarding trans fat. As it is not
declared in the nutritional label, the general notion that partially
hydrogenated and hydrogenated fats should be avoided could be
better widespread.
Disclaimer
Jo~ao Breda is a staff member of the WHO Regional Ofﬁce for
Europe. The author alone is responsible for the views expressed in
this publication and they do not necessarily represent the decisions
or the stated policy of WHO.
Acknowledgments
This work received ﬁnancial support from the World Health
Organization Regional Ofﬁce for Europe (WHO) and European
Union (FEDER funds through COMPETE) and National Funds (FCT,
Fundaç~ao para a Cie^ncia e Tecnologia) through project UID/QUI/
50006/2013. To all ﬁnancing sources the authors are greatly
indebted.References
Allen, K., Pearson-Stuttard, J., Hooton, W., Diggle, P., Capewell, S., & O'Flaherty, M.
(2015). Potential of trans fats policies to reduce socioeconomic inequalities in
mortality from coronary heart disease in England: cost effectiveness modelling
study. British Medical Journal, 351, h4583.
Alonso, L., Fraga, M. J., & Juarez, M. (2000). Determination of trans fatty acids and
fatty acid proﬁles in margarines marketed in spain. Journal of the American Oil
Chemists' Society 77(2), 131e136.
Ansorena, D., Echarte, A., Olle, R., & Astiasaran, I. (2013). 2012: no trans fatty acids in
Spanish bakery products. Food Chemistry, 138, 422e429.
ANVISA. (2003). National sanitary surveuillance Agency in Brazil. In Resolution RDC
nº 360, Diario Oﬁcial Uni~ao. 26 december 2003.
Ascherio, A. (2006). Trans fatty acids and blood lipids. Atherosclerosis Supplements, 7,
25e27.
Baylin, A., Siles, X., Donovan-Palmer, A., Fernandez, X., & Campos, H. (2007). Fatty
acid composition of Costa Rican foods including trans fatty acid content. Journal
of Food Composition and Analysis, 20, 182e192.
Bendsen, N. T., Christensen, R., Bartels, E. M., & Astrup, A. (2011). Consumption of
industrial and ruminant trans fatty acids and risk of coronary heart disease: a
systematic review and meta-analysis of cohort studies. European Journal of
Clinical Nutrition, 65(7), 773e783.
Booker, C. S., & Mann, J. I. (2008). Trans fatty acids and cardiovascular health:
Translation of the evidence base. Nutrition, Metabolism and Cardiovascular
Diseases, 18(6), 448e456.
Brouwer, I. A., Wanders, A. J., & Katan, M. B. (2010). Effect of animal and industrial
trans fatty acids on HDL and LDL cholesterol levels in humans e a quantitative
review. PLoS ONE, 5(3), 1e10.
Cakmak, Y. S., Guler, G. O., Yigit, S., Caglav, G., & Aktumsek, A. (2011). Fatty acid
composition and trans fatty acids in crisps and cakes in turkey's markets. In-
ternational Journal of Food Properties, 14, 822e829.
Casal, S., Morais, E., Mendes, B., Noronha, C., Lopes, J., Silva, C., et al. (2008). Fat-
composition of Portuguese bakery products, composition of Portuguese bakery
products: an update on trans isomers and saturated fatty acids, 17e18 April,
Lisbon. In AOAC international workshop (Europe).
Chiara, V. L., Sichieri, R., & Carvalho, T. S. F. (2003). Trans fatty acids of some foods
consumed in Rio de Janeiro, Brasil. Revista de Nutriç~ao, Campinas, 16(2),
227e233.
Craig-Schmidt, M. C. (2006). World-wide consumption of trans fatty acids.
Atherosclerosis Supplements, 7, 1e4.
Cruz, R., Casal, S., Mendes, E., Costa, A., Santos, C., & Morais, S. (2013). Validation of a
single-extraction procedure for sequential analysis of vitamin E, cholesterol,
fatty acids, and total fat in seafood. Food Analytical Methods, 6(4), 1196e1204.
Downs, S. M., Thow, A. M., & Leeder, S. R. (2013). The effectiveness of policies for
reducing dietary trans fat: a systematic review of the evidence. Bulletin of the
World Health Organization, 91(4), 262e269.
FIPA e Federaç~ao das Indústrias Portuguesas Agro-Alimentares. (2005). Iniciativas
da indústria alimentar para a promoç~ao dos estilos de vida saudaveis. Vitalidade
XXI. http://www.ﬁpa.pt/downloads/Vitalidade_XXI.pdf Accessed 12.08.2015.
Fritsche, J., Petersen, K. D., & Jahreis, G. (2010). Trans octadecenoic fatty acid (TFA)
isomers in German foods and bakery goods. European Journal of Lipid Science
and Technology, 112, 1363e1368.
Griguol, V., Leon-Camacho, M., & Vicario, I. M. (2007). Revision de los niveles de
acidos grasos trans encontrados en distintos tipos de alimentos. Grasas y aceites,
58(1), 87e98.
Hissanaga, V. M., Proença, R. P. C., & Block, J. M. (2012). Trans fatty acids in Brazilian
food products: a review of aspects related to health and nutrition labeling.
Revista de Nutriç~ao, 25(4), 517e530.
Hulshof, K. F., van Erp-Baart, M. A., Anttolainen, M., Becker, W., Church, S. M.,
Couet, C., et al. (1999). Intake of fatty acids in western Europe with emphasis on
trans fatty acids: the TRANSFAIR Study. European Journal of Clinical Nutrition, 53,
143e157.
ISO 12966-2. (2011). Animal and vegetable fats and oils - Gas chromatography of
fatty acid methyl esters e Part 2: Preparation of methyl esters of fatty acids.
International Organization for Standardization, Switzerland, 15p.
ISO 15304. (2002). Animal and vegetable fats and oils - determination of the con-
tent of trans fatty acid isomers of vegetable fats and oils - Gas chromatographic
method. International Organization for Standardization, Switzerland, 20p.
Kuhnt, K., Baehr, M., Rohrer, C., & Jahreis, G. (2011). Trans fatty acid isomers and the
trans-9/trans-11 index in fat containing foods. European Journal of Lipid Science
and Technology, 113, 1281e1292.
Ledoux, M., Juaneda, P., & Sebedio, J. L. (2007). Trans fatty acids: Deﬁnition and
occurrence in foods. European Journal of Lipid Science and Technology, 109,
891e900.
Menaa, F., Menaa, A., Treton, J., & Menaa, B. (2013). Technological approaches to
minimize industrial trans fatty acids in foods. Journal of Food Science, 78(3),
377e386.
Mensink, R. P., & Katan, M. B. (1990). Effect of dietary trans fatty acids on high-
density and low-density lipoprotein cholesterol levels in healthy subjects.
New England Journal of Medicine, 323, 439e445.
Mozaffarain, D., Aro, A., & Willet, W. C. (2009). Health effects of trans-fatty acids:
experimental and observational evidence. European Journal of Clinical Nutrition,
63, S5eS21.
Oliveira, M. B. P. P., & Ferreira, M. A. (1993). Controlo de qualidade de margarinas:
N. Costa et al. / Food Control 64 (2016) 128e134134avaliaç~ao do teor das formas trans dos acidos gordos das margarinas de fabrico
nacional. Revista Portuguesa de Nutriç~ao, 4(2), 38e46 (in Portuguese).
Regulation (EU) Nº 1169/2011 of the European parliament and of the council of 25
October. Ofﬁcial Journal of the European Union nº 304/18-63.
Remig, V., Franklin, B., Margolis, S., Kostas, G., Nece, T., & Rua, J. C. (2010). Trans fats
in America: a review of their use, consumption, health implications, and
regulation. Journal of the American Dietetic Association, 110, 585e592.
Restrepo, B. J., & Rieger, M. (2016). Denmark's policy on artiﬁcial trans fat and
cardiovascular disease. American Journal of Preventive Medicine, 50(1), 69e76.
Richter, E. K., Shawish, K. A., Scheeder, M. R. L., & Colombani, P. C. (2009). Trans fatty
acid content of selected Swiss foods: the TransSwissPilot study. Journal of Food
Composition and Analysis, 22, 479e484.
Roe, M., Pinchen, H., Church, S., Elahi, S., Walker, M., Farron-Wilson, M., et al. (2013).
Trans fatty acids in a range of UK processed foods. Food Chemistry, 140, 427e431.
Santos, L. A. T., Cruz, R., & Casal, S. (2015). Trans fatty acids in commercial cookies
and biscuits: an update of Portuguese market. Food Control, 47, 141e146.
Saunders, D., Jones, S., Devane, G. J., Scholes, P., Lake, R. J., & Paulin, S. M. (2008).
Trans fatty acids in the New Zealand food supply. Journal of Food Composition
and Analysis, 21, 320e325.
Smedes, F. (1999). Determination of total lipid using non-chlorinated solvents.
Analyst, 124, 1711e1718.
Stender, S., Astrup, A., & Dyerberg, J. (2012). A trans European Union difference in
the decline in trans fatty acids in popular foods: a market basket investigation.
BMJ Open, 2, e000859. http://dx.doi.org/10.1136/bmjopen-2012e000859.Stender, S., Dyerberg, J., Bysted, A., Leth, T., & Astrup, A. (2006). A trans world
journey. Atherosclerosis Supplements, 7, 47e52.
Teegala, S. M., Willett, W. C., & Mozaffarian, D. (2009). Consumption and health
effects of trans fatty acids: a review. Journal of AOAC International, 92(5),
1250e1257.
Torres, D., Casal, S., & Oliveira, M. B. P. P. (2002). Fatty acid composition of Portu-
guese spreadable fats with emphasis on trans isomers. European Food Research
and Technology, 214, 108e111.
Uauy, R., Aro, A., Clarke, R., Ghafoorunissa, R., L'Abbe, M., Mozaffarian, D., et al.
(2009). WHO update on trans fatty acids: summary and conclusions. European
Journal of Clinical Nutrition, 63, S68eS75.
Wagner, K.-H., Plasser, E., Proell, C., & Kanzler, S. (2008). Comprehensive studies on
the trans fatty acid content of Austrian foods: convenience products, fast food
and fats. Food Chemistry, 108, 1054e1060.
World Health Organization. (2003). Diet, nutrition and the prevention of chronic
diseases. WHO technical report series. 916, 160 pp. Geneva.
World Health Organization. (2011). Global status report on noncommunicable dis-
eases. 2010, 176 pp. Geneva.
World Health Organization. (2013). WHO european ministerial conference on nutri-
tion and noncommunicable diseases in the context of health 2020, 4e5 July 2013,
Vienna, Austria.
World Health Organization. (2015). Eliminating trans fats in europe: A policy brief.
Copenhagen: WHO Regional Ofﬁce for Europe, 13 pp.
